Cytophaga johnsonae and C. aquatilis (ATCC 2955 l), examined by frozen-surface replica and freeze-etch techniques, displayed undulated and particulated surfaces. They produced copious amounts of extracellular slime when cultured. Cytophaga aquatilis contained large, complex mesosomes in freeze-etched cells whereas C. johnsonde contained none. In noncryoprotected freeze-etch preparations, C. dqUdtiliS contained two major fracture planes whereas the C. johnsonae cell envelope fractured in three distinct planes. Linear fibres, such as the peripheral fibrils previously described in FZexibacter columnaris, were not observed in the outer membrane of freeze-etched C. aquatilis. Cytophdga johnsonae contained periplasmic linear fibrils; however, these appeared to be associated with the outer surface of the cytoplasmic membrane or an intermediate layer and not with peripheral fibrils.
I N T R O D U C T I O N
The general ultrastructure of the cytophagas (inclusive of the genera Cytophdga, Flexibacter and Sporocytophdga) has been investigated by several groups (Christensen, 1977) . Of the single cell type, however, only Flexibacter columnaris (formerly Chondrococcus and Cytophaga columnaris) has been studied extensively for its ultrastructure (Pate & Ordal, 1967~1, b ; Pate et al., 1967; Burchard & Brown, 1973; Kuhrt & Pate, 1973) . Freeze-etch preparations of the cytophagas have been limited to I;: columnaris (Burchard & Brown, 1973) and C. jlevensis (van der Meulen et al., 1974) .
Freeze-etch and frozen-surface replica techniques were used in this study to describe further the ultrastructure of C. johnsonae and C. aquatilis. Cytophaga johnsonae is a welldefined species of Cytophaga whereas C. aqudtilis has only recently been described (Strohl & Tait, 1978) .
METHODS
Organisms and culture conditions. Strain N of Cytophaga aquatilis (ATCC29551) and strain G (Group 11; Strohl & Tait, 1978) of C. johnsonae, used for this investigation, were isolated from the gills of freshwater salmonoids at the Platte River Fish Hatchery, Honor, Michigan, in 1974 (Strohl & Tait, 1978) . Stock cultures and cultures used for electron microscopy were grown at room temperature (22 to 24 "C) on a medium of 2 % (w/v) Casitone supplemented with Chu no. 10 basal salts (Shilo, 1970) . Frozen-surface replica preparations were made using cells grown for 24 to 48 h on plates of basal medium solidified with 1.5 % (w/v) agar.
Electron microscopy. Cells harvested from the liquid basal medium by centrifuging (3000 g for 20 min) were placed directly into complementary specimen holders (Steere, 1973) or recentrifuged on a cryoprotective glycerol/sucrose density gradient before placing into the specimen holders, Frozensurface replicas were prepared according to Steere (1973) using cultures that had been prefixed for 1 h on plates of basal medium with 3 % (v/v) glutaraldehyde. The agar was sliced approximately 3 mm below the surface and was then put on metal stubs for insertion into the freeze-etch module (Steere, 1973 
RESULTS A N D D I S C U S S I O N
Cytophaga aquatilis exhibited a typical Gram-negative cell envelope (Figs 1,2) comprising a cytoplasmic membrane (6.5 nm), a peptidoglycan layer (4.5 nm) and an outer membrane (7.5 nm). The thickness of the entire cell envelope, including the periplasmic space, averaged 32 nm. The C. johnsonae cell envelope (Fig. 3 ) was similar.
Dividing cells of C. aqucxtilis formed a septum (Figs 4,5; L. Tait, personal communication) and mesosomes were always associated with septum formation (Fig. 5) . Several filamentous gliding bacteria have been shown to possess septa during division (Poos et al., 1972; Ridgeway et al., 1975; Reichenbach & Golecki, 1975; Strohl & Larkin, 1978) . The nonfilamentous gliding bacterium Chondromyces crocatus (MacRae & McCurdy, 1975 ) also possesses septa during division.
Mesosomes were observed in most C. aquatilis cells. These mesosomes were complex and composed of several membrane folds or layers (Figs 2,5). Doughnut-shaped, mesosome-like structures were observed in a few cells (Fig. 6 ) and a connected series of sack-like mesosomes was observed in one cell (Fig. 1) . Several mesosome membranes were morphologically similar to the cytoplasmic membrane (Fig. 2) and some mesosome surfaces were smooth or pitted (Fig. 5) . The complex mesosomes observed in most of the freeze-etched cells of C.
aquatilis appeared similar in complexity to the mesosomes observed in thin sections of F. columnaris (Pate & Ordal, 1967a) and of Myxococcus xanthus (Voelz, 1965) . The morphological similarity of freeze-etched mesosomal membranes to the cytoplasmic membrane has been reported for Bacillus subtilis and a variety of other organisms (Nanninga, 1973 ,. In both thin sections (Strohl & Tait, 1978) and freeze-etch (no cryoprotection or prefixation) preparations (Fig. 2) , the rnesosomes found in C. dqziatih appeared to be more complex than those of most Gram-negative bacteria. Unlike C. dqUUtiliS, no mesosome-like structures were detected in freeze-etch preparations of C. johnsonne. Because both organisms were freeze-etched simultaneously, the differences observed in their internal membrane structures were probably due to differences in the organisms themselves rather than to fixation artefacts.
The surfaces of both cytophagas were irregularly undulated in both the frozen-surface replicas (Fig. 4) and the freeze-etch micrographs (Figs 6, 7) , although the dimensions of the undulations were different in different preparations. The surface of C. johnsonae has been described as deeply and irregularly undulated due to the production of slime within the outer membrane (Follett & Webley, 1965; Schmidt-Lorenz & Kiihlwein, 1969) . Pate & Ordal(l967 b) also found a ' large amount of ruthenium red-positive material located in the space between the plasma membrane and the outer unit membrane' in damaged cells of F. columnaris.
The cell envelope membranes of freeze-etched C. johnsonde appeared to be very porous with 4 nm pores randomly distributed throughout (Fig. 8) . Moreover, Follett & Webley (1965) suggested that pores existed in the outer membrane of C. johnsonae that allowed slime to be extruded from the cells.
The extracellular slime of C. dquatilis was fibrillar in nature and was often associated with the cell surfaces (Fig. 4) . The C. aqiiatilis slime appeared similar to the mucopoly-Large arrows designate the direction of shadow. Bar markers represent 0.1 pm. Fig. 1 . Freeze-etched C. aquutilis showing a series of mesosomes, the partitioned cell envelope (CE), the cytoplasm ( C ) and the P face of the fractured outer membrane (POM). Fig. 2 . Freeze-etched C. aquutilis showing a fractured lamellar mesosome containing several layers. Note the P and E faces of the fractured outer membrane (POILI and EOM) and the E face of the fractured cytoplasmic membrane (ECM). Fig. 3 . Freeze-etched C. johnsonn2 showing the E and P faces of the cytoplasmic (ECM and PCM) and the outer (EOM and POM) membranes, the surface (PS) and the cytoplasm (C). saccharidz slime of other gliding bacteria (Pate & Ordal, 19676; Verma & Martin, 1967; Follett & Webley, 1965 ; Schmidt-Lorenz & Kuhlwein, 1969) .
Two fracture planes were observed within the cell envelope of C. aquatitis, the cytoplasmic and outer membranes appearing to have been fractured through the lipophilic regions (Fig. 9) . The external surfaces of some C. aquatilis cells were also observed (Fig. 6) . Three fracture planes were detected in the freeze-etch preparations of C. johnsonae; these were (i) a fracture of the cytoplasmic membrane through its hydrophobic region (Figs 3, lo) , Large arrows designate the direction of shadow. Bar markers represent 1 jxm in Fig. 4 and 0.1 , m i in Fig. 5 . Fig. 8 . The tangentially fractured C. johnsonac cell shows the P face of the cytoplasmic and outer membranes (PCMand P O M ) and a layer sandwiched between them (ML), presumably the peptidoglycan layer. The longitudinal cell shows the P face of the cytoplasmic membrane (PCM), the cytoplasm (C), the membrane associated pores (P; see inset) and a pitted surface (S), presumably located between the cytoplasmic membrane fracture and the outer membrane, which has been fractured away.
Large arrows designate the direction of shadow. Bar markers represent 0.1 pm (20 nm in Fig. 8 inset) .
W . R. S T R O H L
Large arrows designate the direction of shadow. Bar markers represent 0.1 pm (50 nm in Fig. 11 inset) . (ii) a similar fracture through the outer membrane (Figs 3, 7, 10 ) and (iii) a fracture which appeared between the cytoplasmic and the lipopolysaccharide membranes, exposing a pitted, morphologically distinct surface (Figs 8, 11) . This third fracture plane may be located at the outer surface of the cytoplasmic membrane or it may be a fracture between the outer portion of the peptidoglycan layer and the inner surface of the outer membrane, The surface of some C. johnsonae cells was also preserved when freeze-etched in the presence of the glycerol/sucrose cryoprotectant (Fig. 7) . The most commonly fractured planes in Gram-negative bacteria appear to be the lipophilic regions of the cytoplasmic and the lipopolysaccharide membranes (Van Goo1 & Nanninga, 1971) . Thus, the observation of a third fracture plane in C. johnsonae at a location between the two unit membranes is of interest, as it appears to be unusual.
Several 6 to 8 nm protrusions, considered to be globular protein molecules (Costerton et al., 1974) or enzyme groups (Moor, 1966) , were randomly located in the external faces of the fractured and etched cytoplasmic membranes of both cytophagas (Figs 9, lo) . The protoplasmic face (PCM) of the cytoplasmic membrane in C. johnsonae was very granular (Fig. 8) . Closely packed 4 to 6 nm beads were observed on the external face of the fractured outer membranes of both organisms (Figs 6, 7, 9, 10) . The external surfaces of both organisms contained 8 nm protrusions (Figs 6, 7) .
Although 6 nm particles occurred in a position similar to the peripheral fibrils found in glutaraldehyde-prefixed freeze-etched F. columnaris (Burchard & Brown, 1973) , no peripheral fibrils were observed in C. dqUdtiliS. Double-stranded longitudinal fibres, 10 to 12 nm in width, were observed on the surface of the intramembrane fracture in C.johnsonae in non-prefixed freeze-etched cells (Fig. 1 1) . The number, structure, location and fixation of the C. johnsonae fibrils suggest that they are different from the F. columnaris-type peripheral fibrils. No function has been attributed to the C. johnsonae fibrils.
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